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RÉSUMÉ 
Des systèmes d'assainissement unitaires sont construits depuis un siècle afin d'évacuer les eaux 
usées des ménages et industriels, ainsi que les eaux de pluie. Après des pluies abondantes, les 
réseaux unitaires déversent le surplus d'eau dans des eaux réceptrices, où l'effet de dilution atténue 
la pollution. Avec la croissance des villes et de leurs surfaces imperméables, ces déversements se 
sont multipliés au cours du temps. Les effets de ces déverses étant nuisibles pour l'environnement 
ainsi que pour l'aspect visuel, des grilles protectrices pour la rétention de la pollution ont été 
construites et testées. Parmi les techniques testées se trouvent des protections fixes et des systèmes 
mécaniques plus coûteux. Un dispositif présenté au colloque Novatech en 2010 s'appelle le 
séparateur à peigne. Dans le cadre d’un programme de conception et de développement d’une durée 
de deux ans, le fabricant United Utilities Plc. a proposé aux auteurs l’utilisation du dispositif d’essai à 
la station d’épuration de Warrington Nord, où des tests ont été menés selon les protocoles anglais 
Water Industry Research (UKWIR). Ce projet a été terminé avec succès en juin 2012 avec un test 
réussi d’un séparateur à peigne sur le dispositif d’essai. Cet article décrit les procédures de tests 
d’UKWIR et les tests à l'installation à Warrington. 
 
ABSTRACT  
Combined sewers systems have been installed over the last century to carry domestic and industrial 
sewage and stormwater. Following heavy rainfall, combined sewers spill to receiving waters that were 
able to deal with the pollution load, as dilution was generally at its greatest. However, factors such as 
growth of communities and increased impermeable area have led to an increased frequency of CSO 
chamber spills. As the presence of litter from such spills is both visually and environmentally 
unacceptable, many types of in-chamber screens have been tested, ranging from fixed screens to 
relatively expensive mechanical screens. A paper presented to Novatech10 proposed a unique 
screening device known as the comb separator. Subsequently, as part of a two-year program of 
design and development, United Utilities PLC offered the authors the use of the testing rig at the 
Warrington North Wastewater Treatment Plant where tests were conducted that included the UK 
Water Industry Research (UKWIR) test protocols. The overall program was completed in June 2012 
with the successful testing of a complete section of comb separator at the testing rig. The paper 
describes the rig tests and UKWIR test protocols. 
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1 INTRODUCTION  
In recent years the frequency of combined sewer overflows has been reported to be on the increase 
due to population growth with reduction in permeable area. These spills often result in visually 
offensive littering of the receiving watercourse. Any method to improve the performance of screens in 
removing litter from flows would help reduce this problem and so avoid costly measures such as 
increasing the capacity of sewerage systems.  
Methods of screening spills from overflow chambers include both fixed and mechanical screens. 
Mechanical screens are relatively expensive to install and maintain and can by-pass at relatively low 
spill flows. Fixed screens are cheaper to install but often blind with sewer solids during spill events, 
requiring frequent maintenance. 
A unique approach to the problem of screening spills was proposed in 2009 and, following laboratory 
tests at Swinburne University, Melbourne, Australia, the proof of concept was confirmed. This work 
was reported at Novatech10 (Phillips and Simon, 2010).  
The initial tests involved the use of simulated litter in clean water but nevertheless, as reported, gave 
very encouraging results. It was however necessary to undertake further trials with real sewage and 
litter to gauge the effectiveness of the screen in real situations.  
Subsequently, rigorous trials were conducted during testing programs on the test rig at the Warrington 
North Waste Water Treatment Plant in June/July 2011 and again in May/June 2012.  
During August and September 2012, the first two comb separators were installed in a new sewer in 
Germany by the Erftsverband.  
 
2 TESTING PROGRAM 
The initial testing program sought to examine the ability of the wire combs to intercept and divert real 
sewage solids without blinding or other maintenance problems. The 1.20 m long screen assembly, 
shown in figure 1 below, was fabricated and installed in the test rig. Three combs were attached and 
their individual distances from the sharp-crested weir measured and recorded.  
 
 
 Figure1 Isometric view of screen assembly 
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The first short coarse comb was followed by an overlapping second coarse comb. These two combs 
intercepted the larger sewer solids. A fine comb was sited behind these two coarse combs to intercept 
6mm+ solids.  The intercepted solids fell into the mesh-lined basket shown in Figure1 above. 
Incoming dry weather sewage was pumped to the test rig and the outlet valve adjusted to achieve the 
required spill flow. After some twenty minutes the pump was shut off and the combs examined for 
blinding or other stoppages. The test was repeated with different comb spacing’s from the weir until 
no blinding occurred.  
This procedure was repeated for increasing spills up to the maximum available of 275L/s and the 
results of each measured and recorded. This procedure also provided the essential design data 
needed for the subsequent SRV testing program.  
The SRV tests were conducted in July 2011 under the UKWIR protocols to ascertain the “Screenings 
Retention Value” (SRV) (ThompsonRPM, 2011). The SRV methodology was developed by the 
UKWIR (UK Water Industry Research Group Ltd) and is a measure of the improvement in sewer 
solids retention efficiency conferred by the screening device to the CSO spill chamber.  
By comparing the percentage of solids retained by the combination of spill chamber and device with 
that by the spill chamber alone for the same sewer inflow, the improvement to the chamber efficiency 
afforded by the device, or the SRV can be determined. 
The second testing program, again conducted at the Warrington North Wastewater Treatment Plant 
test rig in May/June 2012, trialled a complete section of comb separator that included a quick-acting 
valve, a raked front comb and a retention comb. The performance of the quick-acting valve was 
independently verified by LJMU University. 
 
3 SRV TESTS ON MECHANICAL SCREENS 
Mechanical, above-weir devices are continuously brushed or hydraulically jetted free of screened 
solids. These solids return to the flow chamber and, during SRV tests, are captured in catch bags 
installed at the outlet from the flow chamber along with the solids that continued in the sewer flow. A 
second set of bags is installed below the weir, in the spill chamber, to catch solids evading the 
screening device. The catch bags retain all 6mm+ solids. 
As the screened solids are continuously returned to the flow chamber, the actual quantity of solids 
screened by a mechanical device is unknown. Consequently a second series of tests must be 
conducted with the device removed in order to deduce the mass of solids that would have spilled 
without the device being in place.    
The standard SRV tests use flow chamber inflows in steps of 45, 60 and 100L/s, split in defined ratios 
between continuing in-sewer flow and inflow. The eighteen tests are run for twenty minutes each, and 
after each test, the catch bags are detached, drained, weighed and recorded. The testing program 
takes place over a period of about two weeks.  
The SRV test is necessarily an indirect methodology and inevitably can introduce variability in the 
results as sewage solids concentrations and composition change hourly and from day to day. Hence 
even if the second series of tests were conducted at the same time on the same day of a week, the 
sewage flows, solids concentrations and compositions could be quite different. 
 
4 SRV TESTS ON THE COMB SEPARATOR  
In the case of the below-weir screens such as the comb separator, the second series of tests without 
the screen assembly is redundant, as the screen assembly is located below the weir and during each 
test a mesh-lined basket, shown in figure 1 above, retains the screened solids. Thus catch bags in the 
flow chamber screen out the continuing solids and catch bags installed in the spill chamber, below the 
screen assembly, capture evading solids, providing a direct and therefore accurate means of 
measuring the SRV. 
From this data, the mass continuing, the mass screened and hence the total mass continuing, as well 
as the mass spilling to the spill chamber can be measured. Consequently the one series of nine tests 
provides all the data needed to calculate the SRV.   
B5 - TRAITEMENT PAR SÉPARATION / TREATMENT / SEPARATION 
4 
The SRV is defined as:  
SRV = (TSRE with-TSRE without/100- TSRE without) x 100% where TSRE is the “total solids retention 
efficiency”, “with” and “without” the screening device. 
Table 1 below shows the “A” and “B” series results with the “B" series results calculated directly from 
the “A” series tests by simply adding the mass screened to the mass spilled from the “A” result to give 
the mass that would have spilled without the comb screen. 
Test 7A contains an invalid result when the tail-water level in the spill chamber rose during the high 
spill flow to partially immerse the screenings catch basket with overtopping and loss of previously 
screened solids to the downstream spill catch bags.  
Despite this, the average SRV for the comb screen was 53.4 per cent. Omitting this result raises the 
average SRV value to 56.4 per cent. That is to say, the comb screen improved the 6mm plus solids 
retention efficiency of the spill chamber by over 50 per cent.  
The independent SRV test report (ThompsonRPM, 2011) stated that the comb screen was self-
cleaning with no blinding or hair-pinning throughout the test period. It also reported that it was a 
unique design, installation was straight-forward and that no mechanical defects were noted. 
Table 1 SRV test results 
ANALYSES OF DATA FROM THE “A” SERIES TESTS CONDUCTED ON THE COMB SEPARATOR SCREEN ASSEMBLY AT  
THE WARRINGTON TEST FACILITY, WARRINGTON NORTH WWTP BY THOMPSON RPM FOR WATSOL WATER SOLUTIONS GMBH 
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9B 1932 1932 3360 31,7 
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0.1 59.2 51.4 *29.0 
0.2 59.1 55.7 51.8 
0.4 53.8 65.9 54.6 
*Invalid result 
Table 2 above is taken from Table 1 and shows the SRV values for flow splits of 0.1, 0.2 and 0.4 for 
inflows of 45, 60 and 100L/s respectively. 
Figure 2 below is derived from a paper (Saul, 2008) and illustrates the average SRV plots for some 
ten mechanical screens tested between 1996 and 1999 with an inflow of 60L/s.  
The comb screen results from Table 2 are shown superimposed on the figure by the heavy black line. 
It will be seen that the comb screen, the only static screen, compares very well with the mechanical 























Thompson, (Thompson 2004), reports that many other screens have since been tested.  
The SRV tests were devised for above-weir screens and uses relatively low test spill flows.  
Following the SRV tests the comb screen was again subjected to the maximum rig/screen assembly 
spill flow of 275L/s or 230L/s/m of weir crest. It continued to screen the spill without blinding, 
bypassing or mechanical problems and appeared to have a far higher capacity.  
Figure 2 *Comparative SRV when Qin = 60L/s in a Side Weir Chamber 
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5 TESTING OF A COMB SEPARATOR  
In mid-2012 a final series of trials were conducted at the Warrington North Waste Water Treatment 
Plant on a 1.2 m long section of comb separator to test a new, quick action, one-way valve. Also 
checked was the optimization of the coarse and fine comb screen arrangement, shown in Figure 3 
below.  
The purpose of the quick-action valve is to seal the comb separator holding chamber from the CSO 
chamber when the latter fills during high sewer inflows. It also acts to retain solids screened from the 
overflow spill and, pending the sewer inflow falling to near the dry weather flow, to return the solids to 




























Figure 3 Sectional side-elevation through valve housing 
The testing sought to identify that the chamber was effectively evacuated of captured material once 
the ball valve released, as failure to do so would reduce the holding storage volume available for 
future spills. Also the test was to ensure that the valve worked effectively without blockage or fouling 
of its sealing surface.   
As will be seen in Figure 3 above, the valve housing is connected to the spill chamber by a return 
port. In practice of course, it would be connected to the flow chamber but, as indicated in the above 
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diagram, this was not possible due to insufficient available height.  
When the water level in the spill chamber rises, the large buoyant ball lifts and closes off the inlet port 
to the comb separator. It remains closed until the water level in the chamber falls to the return port 
when air enters the valve to break the vacuum and the ball drops to the floor of the valve housing. 
The inlet port to the valve housing has a rubber-type seal into which the ball firmly fits, providing a 

















Figure 4 Front sectional view through valve housing 
Figure 4 above, shows a front sectional view of the valve showing the alternative ball positions. As 
shown in the figure, when the valve opens, the ball drops to rest on the floor to one side or other of 
the deflection wedge, thus providing a large unobstructed internal clearance for the passage of sewer 
solids to the return port.  
The return port extends the full width of the valve housing to facilitate the entry of air to break the 
vacuum. If spill has occurred, then the screened sewer solids are flushed back to the CSO chamber 
via the valve and return port for conveyance to the treatment plant. 
The valve was manufactured and installed in the comb separator assembly at the Wwwtp rig in May 
2012 and subjected to repeated pressure and duration tests using raw sewage to simulate actual 
sewer conditions.     
When these tests were completed satisfactorily, it was independently observed by LJMU University to 
ascertain its hydraulic characteristics as well as its sewer solids handling effectiveness.  
The tests confirmed that the valve remained sealed under the partial vacuum and, on opening, rapidly 
discharged the water and sewer solids contents of the holding chamber to the spill chamber.  
During spill, the screened nappe passes directly to the receiving water without further treatment. As 
will be seen in Figure 3, the nappe impacts on the cover plate where portion of it is deflected 
backwards to jet the retention comb free of any adhering solids.  
Subsequently the section of comb separator was subjected to rigorous independent testing at high 
spill flows for extended periods that confirmed the robustness of the technology. It was suggested that 
the technology could also have application as a preliminary treatment within wastewater treatment 
plants.  
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7 CONCLUSIONS  
 The comb separator screen was subjected to the independently conducted UKWIR SRV 
testing program. 
 The results placed it among the best side weir chamber screens including all mechanical 
screens. 
 The SRV test report stated that the comb separator screen was self-cleaning with no blinding 
or hair-pinning throughout the test period. 
 It concluded that the comb separator screen was of a unique design, that installation was 
straightforward and no mechanical defects were noted. 
 The screen was subsequently subjected to far greater spill flows without blinding. 
 The quick-action ball valve afforded rapid and effective flushing of the holding chamber. 
 The performance of the quick-action valve was independently verified by JMU Liverpool 
University. 
 The section of comb separator was rigorously tested for extended periods at high spill flows to 
confirm the robustness of the technology. 
 The comb separator technology offers an effective, economical, low-maintenance approach to 
the screening of CSO chamber spills. 
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